In the Northeast of Brazil, goat breeding plays an important socioeconomic and strategic role in coexistence within the semi-arid region. The rural nature of the species and adaptations that are appropriate for the climate are some of the characteristics that favor the Northeast as the largest national producer of goats (93% of the national herd). In spite of this, sanitary deficiencies facilitate the appearance and diffusion of pathogenic agents that compromise the productivity, e.g., Corynebacterium pseudotuberculosis, which are widespread in the national herd and cause damages in the industry. The objective of this study was to characterize caseous lymphadenitis (CL) in lamb cuttings at semi-arid abattoirs. The research was carried out between March and August 2017 at the Municipal Abattoir of Patos, State of Paraíba, Brazil, where the caprines from this region are slaughtered. We studied 304 animals with no defined racial pattern, of both the sexes, characterized according to their age group as evidenced by their teeth, submitted to ante-and post-mortem examinations with microbiological confirmation. Cheek material was processed for diagnostic confirmation, using the techniques of isolation and microbiological identification (gold standard). The bacteriological examination confirmed the presence of the agent in 21.38% of the animals, in which 13.16% were females and 8.22% were males. Of those affected, 11.51% had the clinical form of the disease, while 9.87% had the subclinical form and 1.31% had both the clinical form as well as the internal impairment. The precrural (25.71%), mammary (11.43%), and prescapular (11.43%) lymph nodes were the most affected. Internally, the most affected were the liver (63.33%), lung (13.33%), and medium mediastinal lymph nodes (10%). The presence of skin lesion/scars (Odds ratio = 2.394, 95% CI = 1.371 -4.182, p = 0.003) and sex (females) (Odds ratio = 1.845, 95% CI = 1.053 -3.232, p = 0.044) were found to be risk factors. CL is present in goats from the intermediate geographical region of Patos, reinforcing the need for control measures, with attention to the inspection of animals in the slaughter line.
Introduction
Goat farming is an important activity in the Brazilian Northeast, not only from an economic point of view, but also as a coexistence strategy in the semi-arid region. According to Farias et al. (2014) , the species Capra hircus easily adapts to the climatic conditions of this area, a characteristic that makes the Northeast the largest producer in Brazil, with 7.660.715 goats, which is approximately 93% of the national herd (8.254.561) (IBGE, 2018) . Although these are impressive numbers, production is considered low due to factors such as long periods of droughts, lack of technical information, farmers with low educational levels, and sanitary and hygienic management problems that lead to the emergence, maintenance, and dissemination of infectious diseases, ultimately decreasing the meat, milk, or leather quality (GUILHERME et al., 2017; RODRIGUES et al., 2016; TEIXEIRA et al., 2015) .
One of these contagious infectious diseases is caseous lymphadenitis (CL), which is caused by the aerobic non-sporulating Gram-positive bacterium Corynebacterium pseudotuberculosis, a facultative intracellular macrophage parasite (GUILHERME et al., 2017; OREIBY, 2015; RODRIGUES et al., 2016; TEIXEIRA et al., 2015; WINDSOR; BUSH, 2016) . This bacterium releases an exotoxin known as phospholipase D (PLD), which is the main virulence factor that increases vascular permeability and causes inflammation with subsequent necrosis (WINDSOR, 2014) .
Fistulated granuloma is the main source of transmission. Infection may occur through direct contact with purulent discharge, consumption of contaminated water or food, inhalation of aerosols, and even through fomites VESCHI et al., 2015) . It is a chronic pyogenic infectious disease, which can be either clinical (superficial lymph nodes hypertrophy and/or extralymph-node abscesses) or subclinical (involvement of internal organs and/or lymph nodes). Additionally, it may present clinical signs and internal lesions simultaneously (FACCIOLI-MARTINS et al., 2014; OREIBY, 2015) .
Its diagnosis has been the subject of intense research for more than a century. There is no single test to identify all cases, or even different stages. Microbiological isolation is considered the gold standard for clinical cases. The enzymelinked immunosorbent assay (ELISA) serological test is based on the detection of immunoglobulin G (IgG) as a marker of humoral activity, with the cell-mediated response based on the quantification of interferon-γ (IFN-γ). The molecular test is based on a polymerase chain reaction (PCR) with genetic material detection (OREIBY, 2015) by the 16S rRNA, rpoB, pld and 12S rRNA gene markers (PACHECO et al., 2007) .
The disease causes an economic loss due to treatment costs, decreased production, condemned carcasses and viscera, and skin devaluation (SOUZA et al., 2011) . It is considered a significant obstacle for goat breeding around the world, with some countries having a prevalence rate of up to 80% (VESCHI, 2011) . In Brazil, it is estimated that most herds are infected, the clinical prevalence of which can vary from 5% to 50% (ANDRADE et al., 2012; PEREIRA et al., 2017; RIZZO et al., 2017; SOUZA et al., 2011; SOUZA et al., 2014) . In addition to economic concerns, disease control is important for preserving human health. According to Faccioli-Martins et al. (2014) , CL is an emerging zoonosis transmitted through contact with infected animals and contaminated dairy products. Therefore, it is necessary to update the disease's epidemiological indicators, seeking new information to improve combat strategies. Thus, the objective of this research was to characterize CL in goats sent to a slaughterhouse in a semi-arid region, through ante-and post-mortem examinations with microbiological confirmation.
Materials and Methods
This research was conducted from March to August 2017 at Patos Municipal Slaughterhouse (latitude 7°00′19′′S and longitude 37°16′48′′W), Paraíba, Brazil, where goats from this intermediate geographical region are slaughtered. According to data from the Animal Transit Form (GTA), provided by the Agriculture and Fishery Development Secretariat (SEDAP -PB) in 2017, 3.662 goats were slaughtered, a monthly average of 305. In the study period, 1.269 were slaughtered, an average of 212/ month.
Sampling was calculated based on the minimum sample number (N), using the simple random sampling formula, an expected prevalence of 50% for maximization, a 95% confidence interval, and a 6% sampling error (THRUSFIELD, 2007) . According to the formula, the minimum number is 267, however, 304 mixed-breed animals of both sexes and varying ages were used. The animals were stratified into five age groups (less than 12, 12-24, 24-36, 36-48, and more than 48 months), which were established by the adapted chronology of dental development proposed by Frandson et al. (2011) .
The animals underwent ante-mortem examinations in the slaughterhouse, including the inspection and palpation of superficial parotid, submandibular, prescapular, precrural, popliteal, and mammary lymph nodes. Animals that showed clinical signs compatible with CL were included in the study and identified with a permanent earring in the right ear. Fistulated abscess scars and identification markings (an ear cut, for example) were registered.
Carcasses and viscera (heart, lung, esophagus, liver, spleen, rumen, reticulum, omasum, abomasum, and intestines) were identified with 912 acetate labels (45 × 30 mm) and white adhesive paper (25 × 15 mm, Artgraf Etiquetas © ) with the corresponding number secured with adhesive tape (19 mm, Adelbras © ) and tied with a red string for easier localization. The veterinarian responsible for the slaughterhouse conducted the post-mortem examinations, to search for lesions that could indicate the presence of the disease.
Granuloma samples were stored in zipped plastic bags (N9 200 × 280 mm, Talge © ), duly identified, and sent refrigerated to the Laboratory of Communicable Diseases (LDT), Health, and Rural Technology Center (CSTR) at the Federal University of Campina Grande (UFCG), Patos Campus, where they were immediately processed.
Microbiological culture, the gold standard diagnosis (OREIBY, 2015) , was used. This included a solid medium: sheep blood agar 5% (Himedia ® , Bhaveshwar, Mumbai, India), with a pH of 7.0 -7.2, in glass Petri dishes; and liquid medium: brain heart infusion -BHI (Himedia ® , Bhaveshwar, Mumbai, India) in test tubes (10 mL) with a screw cap, identified with permanent marker. Abscesses were longitudinally cut using sterile scalpel blades (No. 24), within the confines of a fume hood and with the protection of a Bunsen burner. An inoculation loop was used to seed the caseous content in blood agar as primary culture, which was incubated at 37 °C (Fanem ® 502 incubator) and read after 24 and 72 hours. Subsequently, the microorganisms were replicated in BHI for biochemical identification.
The isolated microorganisms underwent a catalase test using a 3% hydrogen peroxide solution and bacterioscopic examinations using the Gram method (Laborclin ® ). Slides were read under a 5-head B-500 Ti-5 (Optika ® ) optical microscope using an 100X objective lens at the Laboratory of Animal Pathology (LPA) of the Veterinary Hospital of the Federal University of Campina Grande, Patos Campus, PB. C. pseudotuberculosis was identified based on the Manual of Clinical Microbiology (MURRAY et al., 1999) . The diagnostic test results and characterization charts were stored in a database (Microsoft Excel ® 2016) .
Risk variables associated with positive results were calculated using univariate analysis. Each independent variable (skin lesion, sex, and mucosal staining) was crossed with a dependent one. Variables that presented a p value of ≤ 0.05, using the chi-square test (ZAR, 1999) , were selected to determine the Odds ratio (THRUSFIELD, 2007) . The SPSS 20.0 software was used for all analyses.
Results
CL-like lesions were found in 25.33% (77/304) of the animals. Bacteriological examinations confirmed C. pseudotuberculosis in 84.42% (65/77), which represents 21.38% (65/304) of the animals evaluated (Table 1) . A prevalence of 13.16% (40/304) in females and 8.22% (25/304) in males was noted. The clinical form was observed in 11.51% (35/304), of which 62.86% (22/35) were females and 37.14% (13/35) males. The subclinical form affected 9.87% (30/304), of which 60% (18/30) were females and 40% (12/30) males. Considering the age groups, there was higher incidence in animals over 48 months of age (40%), followed by less than 12 months (29.23%), 12-24 (13.85%), 24-36 (9.23%), and 36-48 (7.69%) months (Table 2) . Of the positive females and males, 62.50% (25/40) and 48% (12/25) had some type of skin lesion/scar, respectively. In total, 56.92% (37/65) of the animals had skin lesions (Table 3) .
The identification method used by the owners highlighted 86.49% (32/37) of the scars (Australian marking, usually in the ear, 70.27%, or in the face/masseter, 16.22%). Scars caused by fistula were seen in 13.51% (5/37) of the animals, 5.41% (2/5) in the precrural lymph nodes, and 8.10% in the prescapular, parotid, and both the parotid and precrural lymph nodes combined (Table 4 ).
The most affected lymph nodes were: 25.71% precrural, 11.43% mammary, and 11.43% prescapular, with extra-lymph-node abscesses in 22.86% (Table 5 ). Four animals (1.32%) had concomitant clinical CL and internal lesions: one had retropharyngeal lymph node hypertrophy and caseous lesion in the lungs; one had submandibular lymph node hypertrophy and liver granuloma; one had lesions in the thoracic/ribcage region and lungs; and finally, one animal has caseous material in the flank and lungs.
As for the subclinical disease, the most affected organs were the liver (63.33%) and lungs (13.33%), followed by the mediastinal lymph node (10%). Three goats had caseous lesions in more than one organ: two in the liver and lungs (6.67%) and one in the liver and spleen (3.33%). One animal presented an abscess in the spleen (3.33%) ( Table 6 ).
The multivariate analysis (p ≤ 0.05) showed a correlation between the presence of skin lesions/scars (Odds ratio = 2.394, 95% CI = 1.371 -4.182, p = 0.003) and sex (Odds ratio = 1.845, 95% CI = 1.053 -3.232, p = 0.044) in positive females (Table 7) .
Discussion
The data found in this study suggest a high frequency of lesions caused by C. pseudotuberculosis, which is responsible for economic losses due to decreased production and high treatment costs. In addition, carcass and viscera condemnation should be considered, as described by Souza et al. (2011) .
The prevalence of CL in goats sent to slaughter was 21.38% (65/304) (Table 1) , similar to the 22.5% reported by Souza et al. (2011 ) under similar conditions. Andrade et al. (2012 reported a clinical prevalence of 7.7% (field), subclinical cases were excluded due to microbiological diagnosis limitations, as explained by Oreiby (2015) . Inspection and palpation are techniques that do not detect all cases. In field conditions, disease control is impaired due to an inability to detect subclinical cases that maintain and disseminate C. pseudotuberculosis without having an impact SOUZA et al., 2011) . A serological test (ELISA) would probably result in a higher CL prevalence in the herds analyzed by Andrade et al. (2012) . No. = number of animals. No. = number of animals. Animals aged more than 48 and less than 12 months were the most affected (40% and 29.23%, respectively), possibly because the members of these groups were more frequently sent for slaughter (Table 2) . Another explanation is the fact that does remain for longer at a farm for reproduction and milk production (older than 48 months), increasing the probability of contact with the agent and becoming a source of reinfection for the herd. This is different from males, which are sent for slaughter at a young age to comply with market requirements (in most cases this is younger than 12 months, when the meat is most appreciated and free of the characteristic odor). According to Riet-Correa et al. (2013) , the fact that producers do not separate goats by sex and age allows contact between the young and sick adult animals, which may be the cause of the considerable number of positive young goats in this research.
Positive adults can also be explained by disease chronicity, in which the response time to C. pseudotuberculosis infection may be influenced by other factors, such as the infection level and host immune competence (NASSAR, 2009) , that more frequently affect animals that are older than one year. Subclinical animals may be a possible source of infection, maintaining the pathogen in the farm and among herds when bucks are borrowed/ purchased.
In Northeast Brazil, goat farmers sell and exchange animals in farmer's markets, breeding them without proper sanitary control. These practices may be responsible for pathogen transmission. The lack of surveillance in transportation and commercialization allows sick animals to be introduced into herds TEIXEIRA et al., 2015) .
The semi-intensive breeding system (GUILHERME et al., 2017; TEIXEIRA et al., 2015) is the most common in the region due to long drought periods and may have contributed to greater levels of contact and proximity between infected and susceptible species. Protein and/or energy supplementation forces goats to be closer to one another to share food and water, supplied in troughs, which may be contaminated by purulent lymph node/fistulated abscess content. Additionally, there is a less frequent possibility of contracting the disease by aerosol inhalation, increasing CL morbidity.
In contrast to Teixeira et al. (2015) , who barely used marks/identification (earring, necklace, or branding), in this study, 56.92% (37) of the 65 positive animals had some type of skin lesion (Table 3) , of which 86.49% (32) had a marking scar. This demonstrates that this type of lesion can be a gateway for microorganisms. Lymph node rupture was also seen in 13.51% (5) ( Table 4) , which was the main form of environmental contamination (FACCIOLI-MARTINS et al., 2014) . Baird and Malone (2010) reported the lymph nodes of the head and neck to be the most affected in a study in the United Kingdom, which differs from this study. This corroborates the findings of Rizzo et al. (2017) and Souza et al. (2014) , who reported that the trunk and posterior regions had greater numbers of infarcted lymph nodes. A considerable percentage of extra-lymph-node superficial abscesses (22.86% (8/35), Table 5 ) and subclinical cases with liver involvement (63.33% (19/30), Table  6 ) corroborate the hematogenous pathway reported by Silva Junior et al. (2013) , when they isolated C. pseudotuberculosis from a brain abscess in goats.
Although pulmonary granulomas have a lower transmission coefficient compared to the suppuration of superficial abscesses, they may be important for maintaining the disease as a possible source of air contamination. There are two forms of organ contamination, aerogenic and hematogenous (FONTAINE; BAIRD, 2008) . The high rate of lung injury suggests possible air contamination, however, lesions in other organs, such as the liver and spleen, may be caused by hematogenous contamination. According to Oreiby (2015) , visceral lesions are not clinically detectable, but cause signs that depend upon the organ involved (weight loss, respiratory disorders, and chronic ruminal bloating are the most frequent).
According to Alves et al. (2007) , skin lesions have a great importance in CL epidemiology. This study corroborates this information, as it verified that goats with skin lesions were 2.394 times more likely to have the disease when compared to goats without skin lesions (Table 7) , proving that the skin is a probable gateway for the agent. This study also shows that females were 1.845 times more likely to be affected, corroborating the results by Souza et al. (2011) , who reported a prevalence of 17.9% in females, as opposed to 13.8% in males.
Conclusion
C. pseudotuberculosis infection is present in goats sent to the Patos Municipal Slaughterhouse, Paraíba, Brazil. Younger males were more affected than females. It is important to highlight that the type of identification used can influence disease dissemination and farmers should choose methods that preserve skin integrity. Control measures, such as raising goat farmers' awareness, herd immunization, separation by sex and age, and correct management of sick animals, along with greater attention to sanitary inspection at slaughterhouses are suggested.
